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INTRODUCTION

Studies in cats measuring joint angles show a clear correlation
between the movements at the hip, knee, and ankle joints that
can be explained to 70% by a covariance plane between the
hip, knee, and ankle joint angles [1,2]. It has been suggested
that the multi-joint muscles may be the origin of the passive
limb mechanics [1,3]. EMG recordings show that during cat
locomotion, activation of the muscles extending the knee
occurs 30-70ms after the knee extension begins; thus the onset
of knee extension seems to be controlled passively by the
extensor muscles [4]. Furthermore, it has been said that
muscles directly change joint angles [3]. The purpose of this
study was to examine the effects of multi-joint muscles on the
passive joint alignment in the rabbit hind limb. We
hypothesize that the hip, knee, and ankle joint angles in the
rabbit hind limb are coordinated by passive forces and the
passive joint alignment is controlled primarily by the multi-
joint muscles.

METHODS

Five New Zealand white rabbit cadavers were used. The joints
were marked with bone pins, and the condyles of the femur
were held and the hip joint was passively moved through its
range of motion while associated changes in knee and ankle
joint angles were measured. Hind limb joint movements were
recorded using high speed video. Individual video frames were
then extracted and digitized manually to obtain the hip, knee
and ankle joint angles. Variance was approximately +5° for
each of the joint angles in repeat trials of the same animal. The
multi-joint muscles including the biceps femoris, rectus
femoris, semitendinosus, plantaris, medial and lateral
gastrocnemius, extensor digitorum longus and tensor fascia
latae were selectively cut in three hind-limbs, and in a
different order for each leg, to identify the contribution of each
muscle to the passive coordination of the hind-limb joints.

RESULTS

Before any muscles were cut, 80-99% of the variability of the
knee and ankle joint angles was explained by variations in the
hip angle (Figure 1). As multi-joint muscles were cut
sequentially the correlation between hip, knee, and ankle joint
angles changed, and was eventually lost (Figure 1).
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Figure 1. Passive ankle angles (degrees) as a function of hip
angles throughout the entire flexion movement and analyzed
every 5°. The data are from three trials of one rabbit’s hind
limb. Diamonds (meanz 1SE) represent the intact leg, squares
represents the medial and lateral gastrocnemius removed, and
the triangles represent the plantaris removed in addition to the
two heads of the gastrocnemius.

DISCUSSION AND CONCLUSIONS

Removal of selected two joint muscles changed the
relationship between passive hip and knee and between
passive hip and ankle angles. For example, when removing the
gastrocnemius and plantaris muscles, hip motion did not result
in any change in the ankle angle, illustrating that all passive
force transmission between the two joints hinges crucially on
the two-joint triceps surae muscles (Figure 1). In order to
identify the precise contribution of each two-joint muscle to
passive force transmission across the rabbit hind limb, future
studies with multiple experiments with different order of
cutting the muscles would have to be implemented.
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